S3
Micromass Q-Tof micro with electrospray ionization and quadrupole time-of-flight ion analyzer (ES+ qTOF).
2-(1H-indol-3-yl)-N-methoxy-N-methylacetamide (5). To a stirred solution of 3-indole acetic acid (3.12 g, 17.8 mmol) and N-methylmorpholine (2.0 mL, 18 mmol) in THF (30 mL) at -20 °C was added a solution of isopropyl chloroformate in toluene (19 mL, 1.0 M, 19 mmol) dropwise. After 30 min of stirring at -20 °C, the temperature was raised to 0 °C, a suspension of N,O-dimethylhydroxylamine hydrochloride (2.13 g, 21.8 mmol) and Et 3 N (2.8 mL, 20 mmol) in DMF (18 mL) was poured into the mixture, and the remnant was rinsed with DMF (18 ml). After being stirred for 1 h at 0 °C, the reaction was quenched with water (150 mL). The phases were separated, and the aqueous phase was extracted with EtOAc (3×80 mL). The combined organic layers were washed with aqueous HCl (1 M, 150 mL), saturated aqueous NaHCO 3 (150 mL), and brine (150 mL). The organic phase was dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure to a crystalline solid. The residue was purified by flash chromatography (Petroleum ether/EtOAc 1:9) to afford 5 as beige crystals (3.13 g, 81%). R f = 0.25 (Petroleum ether/EtOAc 1:4); mp 122 -124 °C; IR (KBr) ṽ max : 3283, 2968, 2933, 1653, 1458 , 740 cm -1 ; 1 H NMR (CDCl 3 ) δ 8.31 (br s, 1H), 7.66 (d, J = 7.7 Hz, 1H), 7.31 (d, J = 7.9 Hz, 1H), 7.21 -7.07 (m, 3H), 3.92 (s, 2H), 3.66 (s, 3H), 3.23 (s, 3H); 13 C NMR (CDCl 3 ) δ 173. 2, 136.3, 127.5, 123.5, 121.9, 119.5, 118.8, 111.4, 108.7, 61.5, 32.5, 29.1; Anal. calcd for C 12 H 14 N 2 O 2 : C 66.04, H 6.47, N 12.84. Found: C 66.40, H 6.23, N 12.79 .
2-(2-iodo-1H-indol-3-yl)-N-methoxy-N-methylacetamide (6).
To a solution of Weinreb amide 5 (2.00 g, 9.17 mmol) and iodine (2.26 g, 8.90 mmol) in THF (60 mL) was added dropwise a solution of AgOTf (2.61 g, 10.2 mmol) in THF (24 mL) over 30 min under vigorous stirring. The reaction was stirred for additional 10 min and then quenched with saturated aqueous Na 2 S 2 O 3 (60 mL). The layers were separated and the aqueous phase was extracted with EtOAc (3×60 mL). The combined organic layers were washed with brine (50 mL), dried over Na 2 SO 4 , filtered and concentrated under reduced S4 pressure to a brown oil. The crude product was purified by flash chromatography (Petroleum ether/EtOAc = 1:1) to give 6 as white crystals (2.46 g, 78%). R f = 0.35 (Petroleum ether/EtOAc 1:1); mp 126.5 -128.5 °C; IR (KBr) ṽ max : 3243, 2932, 1648, 1447, 741 cm -1 ; 1 H NMR (CDCl 3 ); δ 8.10 (br s, 1H) 7.63 (d, J = 7.6 Hz, 1H), 7.28 (d, J = 7.8 Hz), 7.15 -7.05 (m, 2H), 3.86 (s, 2H), 3.67 (s, 3H), 3.21 (s, 3H). 13 C NMR (CDCl 3 ) δ 171. 9, 139.0, 127.7, 122.4, 120.1, 118.7, 115.5, 110.6, 80.2, 61.5, 32.6, 32.0; Anal. calcd for C 12 H 13 IN 2 O 2 : C 41.88, H 3.81, N 8.14. Found: C 42.31, H 3.69, N 7.95 .
1-(2-iodo-1H-indol-3-yl)-4-(trimethylsilyl)but-3-yn-2-one (7)
. A solution of n-BuLi in hexanes (7.8 mL, 2.5 M, 20 mmol) was added dropwise to a solution of TMS-acetylene (3.1 ml, 22 mmol) in THF (32 ml) at -78 °C. The reaction mixture was stirred for 1 h at -78 °C followed by 15 min at room temperature. The lithium TMS-acetylide solution was added dropwise to a solution of Weinreb amide 6 (1.61 g, 4.68 mmol) in THF (124 mL) at -78 °C. The reaction mixture was stirred for 1h at -78 °C, then warmed to -10 °C and stirred for an additional 1h at this temperature before being recooled to -78 °C and quenched with saturated aqueous NaHSO 4 (100 mL). The mixture was warmed to room temperature and the formed layers were separated. The aqueous layer was extracted with EtOAc (3×75 mL) and the combined organic layers were washed with brine (100 mL), dried over Na 2 SO 4 , filtered, and concentrated under reduced pressure to a brown oil. The crude product was purified by flash chromatography (Petroleum ether/EtOAc 85:15) to afford 7 as beige crystals (1.75 g, 98 %). R f = 0.25 (Petroleum ether/EtOAc 9:1); mp 74 -80 °C; IR (KBr) ṽ max : 3274, 3059, 2957, 2894, 2148, 1655, 1428, 2, 139.0, 127.7, 122.7, 120.4, 118.4, 114.1, 110.6, 102.0, 100.1, 80.8, 43.6, Anal. calcd for C 15 H 16 INOSi: C 47.25, H 4.23, I 33.28, N 3.67. Found: C 47.19, H 4.12, I 33.42, N 3.42 .
2-iodo-3-((2-((trimethylsilyl)ethynyl)-1,3-dioxolan-2-yl)methyl)-1H-indole (8).
To a solution of alkyne 7 (1.15 g, 3.01 mmol) in DCM (52 ml) at -78 °C were added 1,2-Bis(trimethylsilyloxy)ethane S5 (3.7 ml, 15 mmol) and TMSOTf (55 μl, 0.30 mmol). The solution was warmed to -42 °C, stirred for 48h at that temperature and then quenched with a mixture of pyridine (25 ml) and saturated aqueous NaHCO 3 (75 ml). The formed layers were separated and the aqueous layer was extracted with EtOAc (3x50 ml). The combined organic phases were washed with brine (100 ml) dried over Na 2 SO 4 , filtered and concentrated under reduced pressure to a brown oil. The crude product was purified by flash chromatography (Petroleum ether/EtOAc 9:1) to afford 8 as white crystals (1.03 g, 81%). General procedure A. A solution of acetal 8 (1.0 equiv.), Pd 2 (dba) 3 (0.05 equiv.), [tBu 3 PH]BF 4 (0.12 equiv.) with specified amount of Cs 2 CO 3 and boronic acid in dioxane (0.04 M) was heated to 50 °C, covered with alumina foil to exclude light and stirred for the indicated period of time. The mixture was then cooled to room temperature and run through a short pad of silica, eluated with EtOAc and concentrated under reduced pressure to furnish a black residue.
The relative stereochemistry was determined through NOESY (spectrum is attached, vide infra). 1, 140.7, 140.5, 139.7, 136.5, 128.9, 127.1, 126.3, 123.1, 122.8, 120.5, 119.6, 119.0, 117.0, 112.7, 62.6, 35 5, 141.0, 140.5, 139.8, 136.2, 135.9, 128.1, 123.2, 122.6, 120.3, 119.6, 118.9, 117.0, 114.4, 112.8, 62.5, 54.9, 35 was stirred for 20 min and then diluted with water to twice the volume. The mixture was extracted with EtOAc (3x reaction volume) and the combined extracts were washed with brine (1x reaction volume), S7 dried over Na 2 SO 4 , filtered and concentrated under reduced pressure to a brown solid. The residue was purified by flash chromatography (Petroleum ether/EtOAc 9:1).
The relative stereochemistry was determined through NOESY (spectrum is attached, vide infra). 3-(phenyl(trimethylsilyl)methylene)-3,4-dihydrocyclopenta[b]indol-2(1H)-one (10a) . See general procedure B (83 mg, 0.22 mmol scale); The product 10a was obtained as yellow crystals (70 mg, 95 %). R f = 0.5 (Petroleum ether/EtOAc 9:1); mp 102 -105 °C; IR (KBr) ṽ max : 3459, 3051, 2949, 2885, 1728, 1581, 1319, 1240, 1120, 835, 741, 700, 442 1, 144.1, 142.5, 141.2, 139.6, 136.8, 129.0, 126.7, 126.0, 123.6, 123.1, 120.0, 119.7, 119.6, 113.2, 35.7, - 3001, 2927, 2898, 2835, 1722, 1601, 1577, 1504, 1468, 1439, 1315, 1282, 1242, 1117, 1028, 835, 744 , 525 cm -1 ; 1 H NMR (DMSO-D 6 ) δ 8.80 (s, 1H), 7.46 (d, J = 7.9 Hz, 1H), 7.42 (d, J = 8.2 Hz, 1H), 7.10 (ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 7.05 -6.96 (m, 5H), 3.83 (s, 3H), 3.50 (s, 2H); 13 C NMR (DMSO-D 6 ) δ 205. 1, 157.9, 144.2, 141.4, 139.6, 137.1, 134.3, 127.3, 123.5, 123.2, 119.9, 119.5, 119.4, 114.4, 113 General procedure C. To a stirred solution of ketone 10a or 10b in THF (0.12 M, 1.0 equiv.) at 0 °C was added dropwise a solution of TBAF in THF (1.0 M, 2.0 equiv.). The resulting deep red solution was stirred for 30 min at 0 °C and then diluted with EtOAc to twice the volume. The mixture was washed S8 with water (1x reaction volume) and the aqueous layer was extracted with EtOAc (2x reaction volume).
(Z)-
The combined organic layers were washed with brine (1x reaction volume), dried over Na 2 SO 4 , filtered and concentrated to a brown-yellow solid. The crude product was purified by flash chromatography (Petroleum ether/EtOAc 9:1).
The relative stereochemistry was determined through NOESY (spectrum is attached, vide infra). 3330, 3074, 3055, 3022, 2899, 1716, 1622, 1477, 1323, 1120, 748, 3, 140.3, 139.3, 135.1, 129.4, 128.9, 128.6, 128.0, 124.1, 123.5, 123.4, 121.2, 120.3, 119.6, 113.1, 35.8 ; HRMS (FAB+ MAGNETIC SECTOR) calcd for C 18 H 13 NO 259.0997, found 259.0994.
(E)-3-benzylidene-3,4-dihydrocyclopenta[b]indol-2(1H)-one (11a

(E)-3-(4-methoxybenzylidene)-3,4-dihydrocyclopenta[b]indol-2(1H)-one (11b). See general
procedure C (58 mg, 0.16 mmol scale). The product 11b was obtained as yellow crystals (42 mg, 92 %).
The product contained approximately 5 % of the Z-form. Pure E-form, which slowly reverted to the equilibrium state, could be obtained through crystallization from EtOAc. R f = 0.33 (Petroleum ether/EtOAc 3:1); mp 226 -227 °C; IR (KBr) ṽ max : 3332, 3074, 3034, 3012, 2960, 2931, 2897, 2837, 1713, 1601, 1481, 1250, 1119, 746 cm -1 8, 160.5, 140.4, 139.0, 129.8, 128.9, 128.0, 124.5, 124.5, 124.4, 121.1, 120.5, 120.0, 115.0, 112.0, 55.7, 36.7 ; HRMS (FAB+ MAGNETIC SECTOR) calcd for C 19 H 15 NO 2 289.1103, found 289.1087.
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General procedure D. LDA was prepared by adding a solution of n-BuLi in hexanes (2.5 M, 2.0 equiv.) to diisopropyl amine in THF (0.1 M, 2.2 equiv.) at -78 °C. The solution was stirred for 1 h at that temperature. Monomer 11a or 11b in THF (0.04 M, 1.0 equiv.) was added dropwise to the freshly prepared LDA solution at -78 °C and the enolate formation was observed as a change in color from yellow to deep red. The enolate solution was stirred for 10 min and a solution of FeCl 3 in DMF (0.2 M, 2.2 equiv.) was then added dropwise. The resulting mixture was warmed to ambient temperature and stirred for an additional 24 h before being quenched with aqueous HCl (1 M, 1x reaction volume). The quenched reaction mixture was extracted with EtOAc (3x reaction volume) and the combined extracts were washed with 10 % aqueous LiCl (5x volume of DMF) and brine (1x reaction volume), dried over Na 2 SO 4 , filtered and concentrated under reduced pressure to a brown solid. ,3'E)-3,3'-dibenzylidene-3,3',4,4'-tetrahydro-[1,1'-bi(cyclopenta[b] indole)]-2,2' (1H,1'H The product was isolated as a mixture of isomers, which results in a complex NMR spectrum. Full characterization is instead given for the oxidized dimer 13. ,3'E)-3,3'-bis(4-methoxybenzylidene)-3,3',4,4'-tetrahydro-[1,1'-bi(cyclopenta[b] indole)]-2,2' (1H,1'H) 163.9, 163.5, 158.6, 139.4, 136.8, 135.1, 129.8, 129.6, 126.6, 126.3, 125.6, 122.1, 118.7, 117. 
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